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Abstract 

This article is devoted to experimental studies of a heat pump 

with microprocessor control on an animal farm. During the 

experiment, three versions of the heat pump were used. The 

compressor is better cooled when it is closer to the evaporator 

than when it is located centrally, this indicates a higher 

cooling capacity, which can be observed according to the heat 

energy meter shown in Fig. 8. The milk temperature during 

the experiment is reduced from 35 to 100C. The best 

temperature mode of the condenser is provided when the 

compressor is located near the evaporator. It is lower by 7-

80C than in the other 2 variants. The results show that the 

location of the compressor affects the performance of the VT. 

The values of the energy conversion coefficient in two 

variants are from 2.5 to 4.5 units. In the third variant it is 4.5, 

which is 10% higher than in the 2nd and 15% than in the 1st 

variant. 

Keywords: heat pump, compressor, evaporator, 

microprocessor, condenser 

 

INTRODUCTION 

In the work of BALDASSIN J.R. estimated the electric power 

at processing milk with the help of the heat pump. They 

observed daily energy consumption of 1,064 kWh for the 

production of 4000 liters of milk, which had the following 

shares: cooling (23.01%); pasteurization heating (16.1%); 

heating water for sanitation and cleaning (6.19%); storage in 

the refrigerator (7.02%); other uses as milking, aeration, 

volumetric reservoir (47.68%). Therefore, among all the 

energy spent, 30.04% was consumed in cooling and 22.28% 

in heating systems [1]. 

Modern dairy plants have partially used their thermal capacity 

from the cooling system. Electrical resistors are used for 

heating, which increases because electric heaters consume a 

lot of energy compared to heat pumps [2]. 

The potential of heat pumps for water and spatial heating with 

simultaneous cooling and heating was demonstrated [3,4,5]. 

MA et al. suggested using a solar energy heat pump in farms, 

however, using either heating or cooling individually [6]. In 

addition, some heat pumping systems are studied for home 

use; but in a few studies using different energy sources 

[7,8,9]. 

Dairy plants are potential customers for heat pumps, as they 

can use heat from the condensation of the milk storage / 

cooling system, use it to heat water for cleaning and other 

production processes, reducing energy consumption. 

Renewable sources of energy for stationary heating motors 

[10,11] and cooling systems [12] were investigated. Dairy 

farms have enough closed animal waste that can be used to 

produce biogas, thus being a source of renewable energy for 

the management of heat pumps. In the article CERVI et al. 

and MARTINS & OLIVEIRA have proved the possibility of 

using biogas while driving stationary engines for power 

generation, as a way to increase the sustainability of livestock 

production and decentralization of energy production [13,14]. 

The natural CO2 fluid has been shown as a promising 

alternative refrigerant, especially in heating pumps due to 

sliding temperature heat removal into the gas cooler and 

performance associated with various benefits. Experimental 

studies of thermal applications were presented by Nexa [15] 

and Kim et al. [16]. Neksa et al. [17] and White et al. [18] 

experimentally investigated the effect of discharge pressure, 

water supply and temperature in a heat pump. For the food 

industry, the influence of the injection pressure on the 

operation of the CO2 heat pump has been experimentally 
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investigated for the simultaneous production of refrigeration 

and water heating up to 900C [19]. The effect of discharge 

pressure on simultaneous air conditioning and water heating 

has been experimentally studied [20]. Sten [21] presented the 

effect of water inlet temperature for a combination of spatial 

and water heating. Cho et al. [22] studied the performance of a 

CO2 heat pump by changing the charge refrigerant in a 

standard cooling mode to show the importance of refrigerant 

flow to achieve a better performance. Kim et al. [23] 

conducted an experimental study of CO2 to study the effect of 

the internal heat exchanger using water as a secondary fluid 

for both sides with underlining only when heated. Sarkar et al. 

[24] numerically studied the effect of water temperature at the 

inlet, compressor speed and heat exchanger for simultaneous 

water cooling and 

heating. Yokoyama et al. [25] numerically studied the effect 

of ambient temperature on the performance of a water heating 

system with a CO2 heat pump. Cabello et al. [26] 

experimentally investigated the influence of evaporation 

temperature and temperature at the gas cooler outlet on the 

optimal gas cooler of pressure and by means of comparisons 

with the available correlations. [27] developed a hybrid 

system for the use of renewable energy sources for local 

consumers in agriculture, which consists of tubular helio 

collectors with a capacity of 3 kW. In [28], the thermal power 

of a combined system with solar collectors and a heat pump. 

 

METHODOLOGY OF THE STUDY 

As it was said in the section of research methods, the analysis 

of the characteristics of HP is carried out for 3 options: 

First option - the compressor does not cool. For this purpose, a 

screening cylindrical partition is installed between the 

compressor sidewall and the evaporator walls. 

2nd option - the compressor is located in the center of the 

evaporator. In this case, heat exchange will occur by radiation 

and convection between the heated wall of the compressor and 

the internal cold walls of the evaporator. 

The third option - the compressor is located with a shift from 

the center, closer to the wall of the evaporator. It is assumed 

that such an arrangement - the approximation of the side wall 

of the compressor to the wall of the evaporator will affect the 

heat exchange by radiation and, in general, the cooling 

process. 

At each experiment, temperatures are recorded at the 

corresponding points of the HP. The layout of the temperature 

sensors on the elements of the prototype is shown in Figure 1. 

The sensors show: 1 - the temperature of the refrigerant at the 

outlet of the evaporator; 2 - temperature of the refrigerant at 

the inlet to the evaporator; 3 - temperature of the refrigerant at 

the outlet of the condenser; 4 - temperature of the refrigerant 

at the inlet to the condenser; 5 - air temperature in the space 

around the compressor; 6 - temperature of the compressor 

sidewall (where the motor is located); 7 - temperature of the 

surface of the head of the compressor; 8 - surface temperature 

of the tubes of the evaporator heat exchanger. Also on the 

diagram are the refrigerant pressure sensors installed at the 

inlet and outlet of the compressor. 

 

Figure 1: Sensor arrangement in the HP 

 

Figure 1 shows the diagram of the stand and the connection of 

measuring instruments. 

 

1 - heat pump module, 2 - milk cooler module, 3 - storage 

tank module. 

Figure 2: Arrangement of the stand and connection of 

measuring instruments 

 

It can be seen from the diagram that the operation of the 

capacitor is characterized by four sensors: 3 and 4, as well as 

sensors installed at the inlet and outlet of the condenser heat 

exchanger (Figure 3.9). They also show the temperature of the 

water in the storage tank. 
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The operation of the evaporator is characterized by four other 

sensors: 1 and 2, as well as sensors installed at the inlet and 

outlet of the evaporator heat exchanger (Figure 2). They also 

show the milk temperature in the milk cooler. 

The temperature mode of the compressor is shown by the 

sensor 6 attached to the side wall, as well as the sensor 7 

attached to the compressor cover. At the same time, sensor 6 

indirectly characterizes the temperature state of the electric 

motor, which is located inside the compressor, opposite point 

6. Sensor 7 characterizes the temperature under the hood 

where the refrigerant is directly compressed. The temperature 

state in the space between the compressor and the evaporator 

is shown by sensors 5 and 8. 

The scheme of the stand schematically shows the process of 

collecting, transmitting, processing and storing data during 

research. Records of pressure and temperature indicators are 

conducted synchronously in time, a microcontroller with the 

appropriate software. The core of the information system is a 

central unit (server), a database, personal computers with 

software, as well as modules for data collection from a heat 

pump (1), a milk cooler (2) and a storage tank (3). 

The heat pump module collects data from the following 

sensors from 12 temperature sensors (DS18B20 

encapsulated), 2 liquid flow sensors (G1WFM) and 2 pressure 

sensors (Wika-R1). The milk cooler module is connected to 

the 4 temperature sensor (DS18B20) and one fluid flow sensor 

(G1WFM). The battery module collects data from 15 

temperature sensors (DS18B20), arranged in series along the 

vertical. 

The information gathering process is initiated by the central 

unit, sending a request to each module separately. After 

receiving the request, each module starts to poll the sensors 

and collects the data into one packet, which is then sent back 

to the central unit. The server, receiving packages with "raw" 

data, processes them according to the appropriate algorithms 

for convenient storage. The server then sends the data to the 

database for storage. From the user's personal computer, you 

can view the current values using special software. 

 

 

Figure 3: General view of the experimental stand 

 

On the laboratory experimental stand (Figure 3.11), a milk 

cooler (right) is used as the source for the HP, and the 

accumulating capacity is used as a load. 

Circulation of the coolant in the circuits of the milk cooler and 

accumulating capacity is ensured by circulating pumps. 

Figure 4 shows the fragments of acquisition (a) and 

fabrication of HP(b and c). The main components include: 

TPB compressor Danfoss TX-2 R22 / 407, filter drier EK-

084S, copper pipes 5 mm, microprocessors Atmel, 

microprocessors ARM, wireless modules Zigbee, sensors for 

automation, etc. The manufactured product is shown on the 

right a photo. 

 

    

a) b) 

Figure 4 - a) manufacturing fragments, b) sample HP 
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ANALYSIS OF RESEARCH RESULTS 

Graphs of temperature changes for the three compressor 

layouts are shown in Figures 5 a), b) and 6. The graphs show 

the expected values. The highest is the refrigerant temperature 

at the compressor outlet (sensor 4). It is the maximum (950С) 

with the 1st variant, when the compressor was not cooled. The 

minimum (850С) with the 3rd version, when the compressor is 

close to the evaporator. The temperature difference between 

the input and output of the capacitor is the maximum (460С) at 

the 3rd variant and the minimum (about 400С) with the 1st 

variant. These figures confirm the positive effect of cooling 

the compressor on the internal processes of the HP. The 

compressor is better cooled when it is closer to the evaporator 

than when it is located centrally. 

 

 

 

 

Variant 1 Variant 2 

 

Variant 1 - the compressor is located at the center of the evaporator and Variant 2 - the compressor is close to the evaporator wall 

Figure 5: Temperature characteristics of the heat pump 

 

 

Figure 6: Temperature characteristics of the heat pump,where the compressor is shielded from the evaporator (Variant 3) 
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In Figure 6, the comparative temperature dependences of the 

condenser for 3 variants are combined. The top 3 graphs show 

the inlet temperatures (sensor 3), and the bottom 3 graphs at 

the output of the capacitor (sensor 4). 

As you can see, the best temperature mode of the condenser is 

provided when the compressor is located near the evaporator. 

It is lower by 7-80C than in the other 2 variants. 

Figure 7 combines the evaporator temperature charts for the 3 

options. 

As can be seen, at the inlet to the evaporator (lower graphs), 

the refrigerant comes with a temperature of -50C (option 1) to 

-120C (option 2). Passing through the evaporator, the 

temperature of the coolant rises to 28° C, in the third variant 

and up to 33° C in the second variant. The best temperature 

mode of the evaporator is provided when the compressor is 

located near the evaporator. It is lower by 7-80C than in the 

other 2 variants. 

Accordingly, this indicates a higher cooling capacity, which 

can be observed according to the heat energy meter shown in 

Figure 3.18. The milk temperature during the experiment is 

reduced from 35 to 100С 

Figure 8 combines the comparative temperature graphs of the 

compressor sidewall for 3 variants. 

 

Figure 7: Charts of the refrigerant temperature at the inlet (top graphs) and the output from the condenser, with 3 variants 

 

Figure 8: Graphs of inlet temperature (lower graphs) and exit from the evaporator, with 3 versions 
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Figure 9: Compressor sidewall temperature graphs for 3 variants 

 

The graphs show that cooling the compressor reduces its 

temperature. In 2 variants with cooling, it is lower by 50C than 

with the 1st variant (850C). 

The distribution of air temperatures in the space between the 

evaporator and the compressor (sensor 5) and the surface of 

the evaporator (sensor 8) are shown in Figures 5 a) and b). It 

is at about 200C. When the compressor is located near the 

evaporator, it is lower by 10°C. This indicates a more intense 

absorption of heat by the evaporator. Accordingly, the 

compressor less heats the surrounding air. 

 

  

а) б) 

 

Figure 10: Graphs of air temperature in the space between the evaporator and compressor (a) and the evaporator surface 

temperature with 3 options 
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Figure 11 shows the comparative graphs of: a) the heat output 

and the power consumed by the compressor; and b) the 

cooling capacity for the tested variants. 

 

  

   

Figure 11: Heat capacity graphs (upper dependencies) and 

power consumption for 3 variants. 

 

The results show that the location of the compressor affects 

the performance of the HP. Consumption of electricity in all 

cases is almost the same (the bottom three dependencies). The 

third option is more heat and cooling capacity. In this case, the 

evaporator absorbs heat generated from the surface of the 

compressor, which is added to the main stream. Since the 

temperature difference between the stack of the compressor 

(about 800 ° C) and the evaporator (about 180 ° C) is about 

600 ° C, we can assume that the main flux between the 

surfaces is radiation heat exchange. The decrease in 

performance in the third variant, apparently, is due to the fact 

that the screen between the compressor and the evaporator 

excludes heat exchange by radiation. At the same time, the 

compressor does not overheat, as its convective cooling is 

preserved. Charts of capacity are correlated with heat 

production graphs. 

 

Figure 12: COP graphs for 3 variants 

 

The cooling capacity plots of the options shown in Figure 3.26 

correlate with the heat production graphs. The performance of 

the 1st and 3rd variants are almost the same. In the second 

variant it is higher. If in the 1 st and 3 rd variants, by the end 

of the process, it is about 1200 W, then in the second variant it 

rises to 1600 W. That is, 25% higher. 

 

CONCLUSION 

Experimental studies have confirmed the hypothesis that self-

regulating cooling has been achieved, that the temperature 

regime of the compressor motor windings has decreased, that 

the heat output has increased due to an improvement in the 

operating mode of the compressor and the absorption of the 

compressor's heat. The optimum solution is found when the 

compressor is located with a displacement from the center and 

approaches the evaporator. 
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